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G A S I  I i C e  01 A C C t N : L U  I L ! ‘ I T L i  !1. I I :  A Ifl~ A
‘ 1 .  Ii n i e~

~~~~ ‘1~~~~n i c ~ A e x o & ; , ~e i o l , M d r id ,
A .  L i n ~j n ’

1’~ S. I . A~ n o e l a  i cos  , U n  ye rs L~ 1 a I i t  ~ n ca , M a c !  r I ~~, i n

Ah~~t x ~~ c t  r D i r  c i  i o n l e s a  t ae f i n e d I :  ~~~. ( l f l

x R e d i c e d  t i n p r i -  i t a n  -~ e f  i n  ‘i i n
A rL eoi - t i c a t  ~ : a! v ein is present :d ( 2 3 )

f e  t I e  ,‘as i f i c n t  r- ci’ r- c~~ss of :s cor. i en ’ced  . p- 
~, M a s s  c o o ri~~nste p dx

i - r r c a ~ tu d - ~. n - y e x r o - c e~ t o  a h o r  s t st- -
r S n t  f O S .

W h e n  t h e  c’ r l z i i i c a  :-~~ r i t e  t s n v  ri I’ Fuel
by  a n  A i i  b : : iu o  l w  t ! ,  a u r f ’r r .  r : ~~ r c - - p G a o
tur€ rift’s t o  ‘ ! —  so n—c - i i ! c :o:c ~u r t -  0 Ox -I d i r e r
,rJi u ~ upo n cor’.~~.icr wi t! the races. Le s S u r f a c e
r o r v e c t i v :  c f f - c t  dc c  t o  rcc ~c face c - - e s -  a In i t i a l  v a l u e
s i o n i  and n a s i f i c a t  i -icc f i r ’ s , : l o s  t i -  en : ’- I J u m p  v a l ue .
gy al nc’r’’- d 1’ -.’ t ’r ,o c a o f i c t i e r  c - l a s - c ;  tb -
surf ace t e : I ’ t - r , t c c ’ c- to  dc-’ t - e w it r~ t ire ’ .
An a n a l y t i c a .  - i e s ~~r i p r on  o f ’ t I c - s u r f  ~~~~t ’

t e r ’ c ’ o r a t u r e  a n .’ r a r - r e n t c - - l t io: .  ! . I n t c r  is
pres ent ed , t a ; ’t h r  ;‘ w :h  ci cc ed f r -cr c x -  D u r i n g  t h e  p a s t  y~~st ’s a c r - n f ~ i~~er
l ’r e s s i o r~ c f e e  the .r’ l er’at un-a aii d c O n c e f l~

. effort hac L e e r s  devo I d towa rds a:, ’ ’
t r a t  c c : ,  p r a f i ! c s  f a r -  c c c i i i  a r !  s r - g e  t in e s .  log the- i g n i t i o n  cc n h a r c i s m  of  -a

i t ut e t i a l .  A lot- ne - s c e u : , t  of d ,,tcs ;az
A c l o s c a f c r o trc — s ! y t i c . s l  d ’ s c r i ’ - t i - ’ r ;  ~ a t h e r e d  e x p c r i m c ’ r , t a l l v  m d  s ’ . . - r  cr 1 t h e : —

i s  c I s c  g i v e: for c,:, ’ g si fi ca ’,ion r’oc-’-~~s r i e s  h a v e  b e e n  p r op o ed t o  - r - - t  t i c c e
r i i ~’:r s u r f a c e  u i ] ’ L r i u r a  ‘ C l o s i u ;  C l ; ; : 0 ’’ - d a t a .  U n f o r  t u r a t l y ,  o w . : v e r , i g n i t  1:: i n
i--an ” cc-:: tloos . Is t h i s  -r : : e  t h ~ s n r f ; - -a e a v e r y  c o o p l e x  o h e r ; - : r: ’ - : o n  a- . r a r . y  ~~ f f ’
t ’ nc j ’ e . - c ’ e r a  ‘ e r a ~~~ at  a C onst an t ~~ U - 1 -  v ; 1  p h y s i c a l  a n d  ch r ’ r c c ]  l r e c ~ c- ’-- - , - c -  i c y - I ’ .’ ’
t o , ar , ! t, I’~ - c c - n ; , ’’ c , c n l r s -  a n d  c o r t e e n t i - s t i o n  d u r i n g  a n  i g n i t i c ;  c x ; c r i r ’ -.’ c . t .  , , a r a i v t —
; ‘ n o f i l c ’ c b ” v ’  a r i : r r c y  i riS . i cr ,l  t o ol s  ~ v , m i l a l ’ I  ;i r - - r o t  “ n i c -~~ -d t o

t ,~ c k I  r t h e  Cor :lj ’ l et  ‘ -  I c - h i T  c a r ,  I c- .i- v-
s i r , p i i f i c a t i e r c .  h o e  t~~ 1 e

N . - r : i o t u r e  ~d dit i on , so’ , -’ of t h ~ ; ‘h v r c i c a l  o r : !
c~~l par and S O S  i n v n i v ”  i n  t h ’~~~~; r a t  ~~‘r .

~
. Pra ’-’e x r - c c ; - - n t i a )  fa ’--tor event cu -c ’ I : c , t knew 1:; a c’~~~~ r ’: a x :  - c  i r is —

c f p-c- c ~~ 1 c i  at  c o n s t a n t  p r e c c s ur c  t a l  c O t c i :  ii: ! t h i ;  ‘v e ’ c t s  m a r c T h - f - ; l
ls~, i i r ; r - y  d i f f u s i o n  c o e f f l c e n t  c o r t ’ c r r i c - n ,  ui t h  ‘ s et-  i : r t i l  d a t a .  c~~- t u c
S t c t i v c i t c - r u e n - ’ n ’gy  l y ,  t h e ’ s - d a t a  a c - - c l  t o ; :  u ced to :deniv ~
L Mo at of caciu ica t ic;, at the ~u nrt p t i - f l - -  the u n k r c w r  l : i , c - .r t c c c - , t - - n c i  o l - t a i r i n ,

p c - r a t c : r ’ e  good egre t ~ fl t  W i t !  ~ho sc ’  ~ ac t I c i l a c  d o t
La law i s nur she
r P~~tio of c~ ’r’a i f i c heat s Cg /C ~- t  t he  p s - c o o n ’ t !r a - no  c c - n o o n s ’ s
T T e m p e r a t c i ’ c  e~~j s t s  a t  t o  1ue  I ; - - ’ t i O n  ‘1 t h e  n- i t i e - n
t T i m e  r e s p - c s i t - 1 -  f o r  i g n i t i o n s . i n  f i c t  , one of
v S u r fa c e  r e g r e s s i o n  r a t e  t h e  r~a I o l  j o t  lye:; o~ I - ’  t I c  t L ~~or ’ ’t  i d
x Spa co coord in ate ins the cond ensed c:’! cxpc rir: ;c’nt~- n i i s i s  w o r~. i : o: i v : i I

ph a s e  r o s - o r ’c - h ha~ I - - c c  ‘0  e l u c i d a t e  w h e r e
Y M a s s  f r a c t i o n  a ct’ s of p r o l - e l l a n t s .  i g r i t  i- - c
y }te du ced n - o s  fra ction d-~ f i n o d  in  p l a c ’- . To ~ ch ’ v.  t h i s  s- :~~2 i t  i s  c - c r ’ ::-

E q . (2 4 )  s a r ’ y t o  II ’;’ .- J i .  ci  i c - s i r  w I t !  c C -  s i c ’ - - s . -
a Dir. nsirn ~~ess inverie I - s t  of g.sri f i— s u r r i t i r n s s  l ’ c t  c l i !  ! c n i n ~’ o n l y  on ‘ I  I n c a —

c a t i o n  c ( T ~~~ _ T
1 ) / L  t i o n  of t b  ley r, ’ , c t c- c l.’ d !n 5- ‘o 1 ,- n i —

~ lL n e n c i t , n l . - a n ac t -: , a t ; o n  e :crgy d ’ — ti cis . i t  i~~ -~~ - ”  s r ’  I l  ‘ p p r  r. i t . t .  3 :

f i n e d  in  I d . ( 2 t )  y S c - S  v - I d  ci I ’ d ’ ,  u n I o n  t i c t d j t , ’ o f  ‘ h ’
1’ s - t i c s  o f  t t , ’ - c ’ c a l i” e ’- . c ’f s t n l v l ’  i c ’  h - - n r ” ’ - e - r - ’n u n ! - - : ’  t r u l y  t h  i c  .1 l ; r r -  a r c ’ ; ’ ; :

of  n o - ’ ’- i c - ’il r ’  c i i  , , s 1 ! b e u ~ - !  r I o  cu
(~~ A r ) ~~ / (~~ A c )  

C~~ i ’f t h e  L ’ t ’ - r ’  fo r ’ a g i v e n  ~~~c j r . -

~ flinensionie:,~ n-i c’ ra- - l r - r  ~ (r + F )  met - i - .’; i s  s r c j  c r i e r ’  t ; ’  t h i t  o f  t I n - ,l1~~ - r ’ r , 5 ’-
-1 S i r c i l a r i t y  v a r - i  i l l  ~~/ 2 , r  m a t e  r ’, , t !r - r i s .  !{ - w ’ v e r  , s n v r ’ ; ’ t o ’  1 :o D i , e n s n o ~~l s ’ t c s t o l u i  s a t i n ’ - n i q ue s  Is c v  I ‘ ‘ n  v ’  I a ; ’ - ! ‘e  a ‘ m t  c u , , !,

( T — T 1) f ( T , —T 1
) t h . , t w i l l  - p e s u - - n i : , ~- ‘ ‘ r ’  (‘ ( - U r - r r~ v (I;

\ T h i ’ , ’ r r , s i c c c : : - ! ; t i v i ’ .v  s t i l l  c a r  i t  in a-c ,- - ra-r 1 .tcOu’ i i ’ : ; - - s ’

~ Di r, ,’naionlci -c~ Sn , s - - ’  co’ i- - N r o t o  d o -  t l s c ’ c - e  t s s ’ - ’ !  in tIc - , a , ]  n u m e r i r  i i  c c l-
I i s - , !  i n  j . ( 1  2 ) y a as  • 1 1 , - a  - ‘ a  S p I c ’ s: ; S I .  - ul d I- r - 1

p b e n - i t  y Is! Ic “ -  
~

- ‘ ‘
~~ 

ci ! 3,’ ,n’’ v i ’ ’ s~~ c ’ - ;  ~- . n - ’  . : ~~‘ h  I a
o ~: educe! t i c ’  !c 2 : ,~ V 2 he  I - s  , , d , t  - I - -  a ‘ ‘ u : ’  ‘‘ I ’  d c  ! , n i , j u r’ c.
— f u r - - I -  , - :~~, ‘ r - - I Is  - - c, - - - r;  I a a . - 1 1’ I c, i c
* M a r r i b e r  A T / A  i - r - r j n ’ni ’ .~ t I v  r ’ - ; - c c , d t s ’ - - l .

-a,,.,: , I n , ’; l i i  o f - ’— ‘ , - ; , , i i ’ ’  _ . , a_I
Aste r ’ sic , , - - I,,,. se-, Al ’
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1 he- n-e s U )  t n n  ‘ of  I - ‘ a - - - ~o’ I r- - ‘ 1—  t i ’  co . ’s. - — S ‘,e e-~ ~~c- i a , i ’ -  t o  t I , “c f ir - ; r -

‘ c c c :  s ~, eu l  1 r - ‘  c .  - e s , - .! a • 1: c - , : u ’ i  r. - , : - - - I ic ,, 1 s c  I cC’ , “ c  t 1, - ‘ i s ‘ i t  - , I r. a a, f t I ’ -  C e - ,  —
s o l u:  i ’ ’c : s a n d  c h .  i s , : :  , , ‘ n : : , ’ , , - c e - I - u • d . - r s s e l  so ’ ti , ‘ f l u ’ - t h ’ n w i t h  ~~~~~~~~~ n ’
as c l o s e l - .’ a s  , - ‘ ‘ c ’ ! t - a  t C - ’ a r - , c - c c : - ’. i c ’n a  ~~f r ’ ’ ec ’ : o f  ‘; 0 5 • ca,r.’ -;c ’ - n  In, tb~- c e l l - i
t ia o r c . s  1 ‘ c - - c -  c - f  - - - I - I 1-’; “ a en ’  1 - ]  o_ v  t - - c — ;‘ i s  ; h a  r, . -  - s - I  : I ‘ c c l  - In ‘ I s ’  c-c s , ‘-. -‘

t a 1: r ,  ~~1 cc ; ! ,‘ t c ,,, S c c ,  I i o n  I c i s c  i - a  - i t  : :, -c- c o c a - ’ c , • i o c  -‘ - c c . l o c s  r -- ice 1 ’ .’ . 1 1- y
S i u ’ n i f i c , i :t  ‘‘ r i d - s  ( s u ’ h  - i s  t s .’r , ; - . r - , : s l c ’  -a r: -,’ - ’ , r c - t I c  t i - c c b ’ i l - : . ’a i .v i e I  or, ‘ c . - c ’ r j l i s ’ -
ar i d r c a : ;  t i - . 1 1 0. :’ p r o d  11 5 ’  as  o s s i i ,’ l-’ . ; , : r s , n . ’ i - c :  t h i c  h -  :, ‘ - r d i r ’ - - c , s j o r . a i  a c t S ’ , -
O n l y  tb ’ : :- - ,‘‘.njn. - f’ .l c’.-: ; ,- c - i r . .-- .,t,iI c; ::,~ c i  r l o n — er; - - r - ’’c of t I c -  ~ - c - c ,’ f l c - a ’ ! c ’ : c  ‘ ‘- .m ” t d u ’ , ,
Sc’ n: ;, w :11 1 - -  c -c’ s s I l I .  1 ; ,  t c - ’ ~ I : ,  cc to - u sc- -c ’ — - r  Ti~ : ~~~ ‘ - i  ‘ c, t - 1 ,4 - c r -  i t , c: n ‘, ‘.0 t
taic , t i ,  lo(- .illor ; of  ‘, , , c -  n - - s O t i o n  ; - c ~ a l a c , : , ’ so li d i r , i ’ i  1 c r : r -- - r , ’ ’ .ra , it la n c e  con. —
i gis i t c ar, a , I t - - on  i t - . I : .  ‘ i c e  c r , r , t r x t  of  t h i s

,‘tc ’ :r 1. ’ Q ’ : ~~ -, s n a i y ’ . i c ’  S c  i n t r ’ g r -m l  e c c u a t i ’ s n
1 1 - c -  c’ c : , i t  1;:; 0 .- n : ’  s t a r  t o  c c i i  I , ‘ b e  a r - —  dcc i- .’.:J wI, ’— e t a I n t  i o n s  : i i - r i d s  t b , , s i - - f ;’ ,--

p i i c t i , - r :  o f  a c , s t l c ’ ,’l~~~ ti,~~’ - n l . , c ; c c ’ s ’. l .  t a r c j - o r c t e c’ a s  -s ! u r ; _ t i ” r .  o f  t I c - c ’ ; t i e  sa c
g - . s i f i c - s t i - n  of  t i - s  c c - j r  , ‘ e i , ’i  , ‘s !  s s t - i !  s o ’ -  f a c : ’  t i ’ c , . ; - . n - ., r u c - ’ -  c - i c - c c ,  l i t .  c m r , t - a n c o u s l -,- a t
c e ] c r , r . - : - ,’ , c - :  ‘ 1; - c : c j c  u ’, , c r ; i c - s !  - r- o ec nc . r 0 to a J o:;; v - c - l u ’ : , an’ !  t h o r  d s c r - e e - s e s
A n y . a 1 t o t  I c  ,a n a l y _ ,. I: . . ‘ e o n )  c ’, c - r  i t t  o i l  l o w l y  a n  a rac - r , u l t  of  c - h e  e r . d o t i , ’- r c c Z c  n - i s :
ass;: - i n g  t I , s a t e  ‘a I t I a r c  c- - c u  I n  a , r i , r  ,‘ — f i C a ’  on ;. x — ‘ - 55 a’!: i t - h in add I t S c hi nw’-
l y a - -c’ ’ n s t - , , , t f l u x  o f  c’ - i - t i , ‘ r a n  g - ,’ ’. ! ’ — ‘ :0  hot c’ . ca- -v  fn’ ra r -  t 1 , c  s o l i d  s u r f ac o
t o r ’ I ’ ;d  s t  t i - i ’  a r c - - a c - c -  L u :  c o r s : ; i - , ! e r i :~ t h u r  t h u s  r’ - 11cc 1 5 c I t  I s ’ .  c-’ ’-’ r d u c t i o r ,  f l u x .
e i t h , ’r a c cc - -] i - : , - -! ;!, -ss e t , ! , c ’ c e : - c’ ,’ c - c , . o U a ’ A . y c ; - t o t i r  e > - ; - r c - s o i n n , r .  .‘ i - .’ I r ; g t h e  t e r r . f — n - -,-
or gc  a —  p h a  c c  ‘ ‘ - ‘ co t  I’ ‘ n i t  i- . c t i c - c :  t o r e  arc  I :0 5 5 5  f r a c t  i on  I - n ’ ’’ f i l e s  f o r  c i r c a ]  I
r e n p u c - i s s i !  i c f o r  i !:c i t ! ’ ’r : . W e :src  .1 .- , - i c o- — , a c . ’i ja r’ s’ ,- valu es of time aro aloe ’ g i’,-u ’r, in
i i i ’  s i : a i i , c r a c : . , i y c a o  f o r  a:: i r c c ’ : t io : ,  s t i r , —  t h e  p~~ p ’ c ’ .
u lu : ;  c o n 5 i ct i n ~ l a t h e ’  :‘ a s ’ u r , i, , , n e o u s  n o r ,-
tact of the cors de n rc’ -i r - , t e ,  ial wit!, c h o t
r . c.a. ‘f’ais i gr ;!t So:, stir; u lus cars b~ r ’ e I’ n ’ - . -
d u c o d  s x j c c r  . i r : c - r t a i l y  I y c e f i e c t i n ~ a .sh~~c- ’
wa ’,’e cc - i  a c r c - d e n t . ’ : , !  t e s t ’ ’ n  i a l  I c - c a t e d  at tI:  W e  c o n t i d o r -  t i e  c ’ a o r -  i c c  w i d e !  a c o t —
e n d of a - u ’ o c l -  t~~bc’ . I n t e r e s t  Th s t u ’ l y i n g  d r - : . .- I , r , t , - n ’ : a l  a ’.  a t e : ’ ,;l ’r - a t u j - c-’ T~~, 

o c c u —
t h i s  p a r t i c u l a r  t y p e  c f  i g n i t i o n  sten :s fr-c r: p it ’ s t b -  h a l f  t~. -,ce x ~~t” . t.t t i n: c :‘oro tic ’-
t h e  c a c ’ c i c ! , r o b l e ’  ‘ c e - a u n t, of  , u x i c l  i c c g  exper : t ’cc !-er’, ture c i  t h e  a u ’ t c c e ’ t  a t a j - t : ’ ’ . r  g u t

ssu,r ,e c ’c - c’al i- cool c,~~h 3 1 7  and ,ap— that occ u ;-iecc t h e  h a l f  r i - a c e  c-: > 0  i n  su d - ’
pT- o x i r .’c - te e c r T i l y s c ’ s ’1~~~~ ~~~~~~~ t i s - i t  w i l l  f -a — den ly rait.e d t o  ci I l s i ’  v a l u e  T ,, ,, t ’  :-n ’c—
c i l i t ; s c t h e  t i c : ! of  d e r - i v i c : g c o n u l u s i o r c o d i c e  a c o r c t - s p c i i d nj c r ::-’ it :  c r  t i c , ’  I C , ’,: cc
s ’e f . s : ’ -i i r s g  t i c - i 1’ ; J t ’ i o r s  c , e c i , c i r ’ c : 0  i n  a p a r —  n ’ u , s t u n ’ e , a i d t i c o r E l l  e r l ! a : , c o  a s - c - e S f i — c , t  1 or ;
t i c u i~~r noa t ,, n j a ! .  W ,’ i r , t c c  c , : r ’n - i e d  o u t  c’ s ’ —  s-eac t ion at t I c  s c c c ’ f e - c , ’ . !‘ ‘ g u I - e  I
c c - n t ly  a c y r r p t o t i c  a n a i ’,r u e u  i- or l a r - ,,’ acid — t h e  p r o c - c - s c -  a u c c e d  f o r  i c c  t l i &  s t u d y .
v a t i: :  e n r r g i e s  f t h e  ! c r e : - o g e r i e o u c c - 2 0  ar i d As stat e d ntr c ’.!,. t io r ; , ccii’ , ~ ci5i—
c o r : d t ’n s s e d  p h a c e 2 1  t h o c . - t ub e  i g r , i t i o n , t . i t t r  f t h a t i e n  a -a n n I c ’ c ’ e ’! h - r e  ,c ri d t ; , s - r , - —
t i r e  i c - l e a  of  g n z a e r ’ at i l i g sim j l e anal ytical fcc-p c ti, ’ ga , . ,, s ,  j ’h~~s,, w i l l  I - c  c r ’ r ; r , i d c n  ed
d e s c r i -g t i o r s a c f  t i c ’  i g n i t i o n :  p r o c e~.s , a n d
t h e  p r e s e n t  p a p e r ’  i s  a f i r s t  s t o p  i n  a
p a ra l l e l  s t u d y of gas-i h a se  i grs i t ion. As 

~‘ O L I D
poin ted out prcv iousl y m ,gas—p h a se Ig n i t i o n  G A S  4

t n c ui - y is more co :’;l c a t e d  than e i th o n ’ the -

bet en ’cgc- c e ou o or condensed p h a s e  t h c o r i p : .  UN I FORM i tc ’ ,,t t lP-MPf~ A1LjRE - UISIfORM ‘N,tsAl I[e’FRiO c-c
S i n c e  it is ni .c - ’u- S c.r’ y to con sider tsr, d if— To 1c0
fe rc -r rt chemical j- r’~~dea nec.; g a s i f i c a t i o n  a- cd
i g n i t i o n .  T h e  i g c , i t i o n  ( v e n t  w i l l  be e o n —  - EN00~~’~~’( ( - c , S u ’ - I A T , I t c
tr’ c~ l o t  i c y  e i t h - - r - of the- se sequential proc -pt i e cp! ’ F’~. t 5!
cases ‘I ’ d - e n d i n g  or ,  t heir re le - t i ve rates. 

~— OXIDI7E~ D(!Cli0,’sTo” an- , ] y a c s  of the n a s a f a c a t r e i s  process
r e v e a l  a ~o v e r a l  i n t ” r ’ e c t  i ng  f c , , t ’,, sr ’~~s w h i c h  FUEL Dr~FUSs IN
r , , a t ’  s i t  e d v a n t a 1 ’e o u o  to  p r e c ’ i - n t  s e p a l - a t e —  -

J y  t c r , .h an  a c i c l y r .  i t , t o  be f o I l - -ac e d  b y t h e  H tA I CO 400CTION - ‘ - HEAl C ONrU CIIO N
s t u d , of  t h e  gas  j ’h . a  :;e i g n i t  i o n  p r o c e s s .  caNVrctIof: t~u C0I D M ~T ER ~ 5 —~~~ -- C O a \ ’ I C I ’  t - c w r : r .  L , . ’~HOT 0/ cl ;-

The pen j fcca t c ’cn re - u ot son may be c o n s i d
a r c’ n - a t e  p r o c e s s  or ’ ,as en e q u i l i b r ’ i u n a  - •l i p . )  S e e  t r a t i c  r e p r e n e n t a ’ Sca n s f  t h e

p~~~~ €’ , c. U~~ual y “q u x _ abr iu r ci “ il l bit ~~~~~~~ g a - i f i c a t i o n  p roc e s s .
t c n r s & ’ d o n l y in  t h e  c a se  0f l i q u i ds . T u e
a n a l ysis in tiso n- ’a i r ,  t e x t  a s s u m e ’ s  a r a t e  . - - ‘ .

- a s l n c c r t  . I or  c c - c - - , ,, ’c , ‘ c - c , ’ - -  , t h a  cr ~ g a is x 3
p r - c ’ ;  0 c c -  , c s c r : j - . . -d  I v  a r .’n ’” ’ o r u ” r -  ‘n , c I , ’ t h e r  . .

— i t i  rc- s n t , , n ” - l  c i t  t h e ’  r u c : - , , ,- e o f  t i’’ I - .’-
r r t c  A ’  i - h - - : i i r i s  r a t - -  l o w .  h o w e - v t  P i r s  a r  as ’ — - -

- . ‘ p n  i - c - ;  ~~~ re, t ,— ;‘ r a I a t i I, h o  r r , a s s  C e  c i ’  I :  : s  , ‘
we - lo ’ : , . I c , ’ ‘i p~m c’c: ’l e l  in o l y s i s  f o r  - - . -

- • 4- 1 5 3 ru I - -”  ,u . - t -  d n ci r i ’ s  5 y i n  j’ t i c  c Em ’ :’ p Ic ~ ce
t i e  e r , : r i l : l - n  su m  c i t . ”  w h e n  t h e  C l a s n i s s — C l a
p r y : ’  ‘ : i ’ - c j ’ i t i o n , i s  u~~od to i - e l at e  t h e  su r -  We w i l l  u s ”  t h e  “ - - i i  j u r t  3 f~ d .. r c ’ c ” - p -

m ass  i i  - - t i o n  o f  g a s i f r e d  l q u n d  to  51051 5. t I c - a l  t h e  p n - . - r i c u - - ’ is  cona ; t n i  c a d
t n , ,  c , , .’! .~~~e t e a j : ~ n u t u r e .  t h a t  11, . ’  ~~f f ,  o t  o f  ‘ - x a ” , - n , .s t f i r s - c , r : d

v i I : ’- c’ l! t. s t n - e : : c, e~ a , ’ - n c ’ - t l i ,’ i i l n ’ . W,’ u:’ ’
] r  t i , ,’ a n - m l y c c ~~ we t , ; k e  i n t o  a c e :  - ‘ ‘ n t . . , -

l i c k  s I i - ,’ t , -  c - ’ s l c u ) a c , ,’ ( l ie  d i ~~’ u s i , r ,  y e —

• -“-‘~~~~~- -~~~~~ -~~~~~~~~~~~~ --
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l o c i t ic u  m d  c o n s i d e r  t h e  s p e c i f i c  h e a t s  to
b e c ; - n s c - , , r i t  i~ e ac h c - h - , s c ’ . I t  i s  a l s o  a s —  T — T 1 T g~~T i
sursed tha t t h e ’  - d e n s i t y  an d  t h c ’ r - r r n ’ i c - o n u ’ : u c —  e 

~
“
~~ — T  ‘ T — T

t i v i n s -  i n  t h e  c o n d e n s e d  p i s - i C e  a s  ‘.,‘~~) l  a , 
go 1 go 1

t h e m ’  p r o c c u c t  i n :  t h e  g . s  p h i : : -.’ are con S ta nt.
U n d e r ’  t ! c c ’t t ’  c o r d i t i o n s  t h u  c o n s e r v - , t i o t ,  p v
e q ; r a t i o r ; cc f o r ’  ‘n u r p y  S r  t h e  s o l i d  a n d  g a s  c— ~~

--c— —.
~
--- -

~~
— ~ ~~ t h e  gas  ~- ! . s s e

p h a c . c a  , a n d  sp e c  i ’ s  c an s ,  o v a t i o n  -:~~u ,i t i o n s  1go ’1 1 P g A
g 

1+r
f o r  o x i d i z e r  dr u d f u e l , a re  respcct t v~~ly

p ~T’, ( 1 2 )
pc ~~

-
~

- + s c - y e  ‘~ — ~ — ~, A -
~

— -j ( 1 )
pv~~L —

?T 3T  ,, 3T - t % (  cC 
— ~~~~~~ x in  the  “ l i d

~~g 
‘~~~

‘-
~~ + P v ”c~ —

~~~~~ c~~ ( u ~~~~g -
~~~) ( 2 )  T~~0

_T
1 \I~~5

l~~c8
A i+r ph a ;

+ ~sv  —b -~ . (p 2 r- 
.
~ (~~~~~)? (pv

1
)2 

( r )
2 

~ ( i 3 )

- 
go 1 g g g

An equa tion ide nt :c ’l tc (3) cx i c c c s  for
the ox i di cr e c- stats frtct icc - , V , e x c e j t  that

th e o x i d i z e n ’  d i f f u r r u d v i t y  D70 si s o u l d  r ep l a c e  wisere V 1 Be x p ( - E /RT
1

) is t h e  v a l u e  of V

Th e irdti a ] and L ou nd ,~ry c - condi t io n s f o r  T
5 

r T 1 , equations (I)-(8) bec on ; ;

a r c

T(0 ,x) rT(t ,_ o ) C T
0 . T

g
( 0~~l4it = T

g
(t s~~)’~Tg0 ~~~~~~~~~~~~~~~~~~ ~~~~~~~ ( i t s )

T(t ,O )  T
g
(t s O )  ~ ao a- e

+ ra -~
--

~
-

~~ ~L ~~~~~ .._.._Ii. ( 1 5 )at r V 1 a~Y~~*~0 ,4u ) Y 5 ( t  , s ” ) r C s , Y 0 (c ” .g )= ’I 0 (t ,~~ ) ” Y 0 ( 5 )
a~

y
F i+ r v F 1 Far —— + vu — — —- e — ( I f ~)

~~ ~~~~~~~ 
~~~ ~~~~~~~~~~~ 

[(e r
_ c)  (T 5— T 1 ) + L ~ ( 6 )  at r V

1 a~ 
he a~

2

o ( o , g ) C  6 ( ’ r , ’~ ) = —r , 0 ( 0 ,~~ ) r  0 (’r , ’ ) C  1

P~~D g0 ( 7 )  
p

0 ( s , 0 )  0 ( ‘ r ,O )  ( 17 )
ay I

p v ( Y  — i )  g~~~s ‘r’—~~ ( 8 )Fs g g /~~ Y
F

( O , 1) 1
F

( t ,~~~
) C O  , Y

0
( 0 ,~~~) C Y

0
( T ,~~~) C Y

3

where all the symbols are d c ’ f i r , e d  in  t h e  
( 1 8)

n o m e n c l a t u r e .  The  s u n - f a c e  r e g r e s s i o n  r a t e  ao L+ (i —T ) (c - c )
‘I is g iven Lv ~~~~ + ~~~_-_-~~~ r ( I + r )  S 1 ~ V

L v
S S I

v Fs e x p ( — E / Ic T ) ( 9 )

and L i s  t h e  hc~~t of g a s i f 1 c a t i o n  r e f e r r e d  T 09 L t . m r  4— 
~~~

-- i—c— ( 7 0 )
to  t h e “j ul:::’’ te r npen ’a tu c ” T , , whic h  is t h e  I S

o n e -  e s t a b l i s h - c d a t the su:’face i rcs r ;rediate l y aT ,
af t e r  t h e  ap r c - liccs t io .u st  t i e  h o t  g . -s e s .  I n  (~ - “l)i.ectr ~~~ _~~~- .__L . ( 7 1)
a b s e n c e  of g,- i n i f i c a tior . t I c -  s u r f a c e  t e m p e —  ~~~ ‘ i’ V

1 
a~

ra tu n-e rer n a ir , s f i x e d  at i l - s ‘jump ” v a l u e
where v /v

1
r e x p (_ E /R T

5
+E /RT

1 ).

7 = T + IT —T ) __L. (10)1 0 go o 1+1’ An e q u a l  i on  i d e n t i c a l  to (1 € )  def i n s
tin e ox i d 17 cr  r , :a s s~~f r a e - t  lo s s  Y

0 
, p r ey  i d , - d

In the a n a l y c i s  t h a t  fol1~~ws , the quan th a t  t u e  L e w i s  n u m ber for the o x i d i c ’ ’-r’
t i ty P~~A g is t a k e n  arc co fl c - t ,in ;t , an d its 

— is used in c - c — s d  of La .

value is ( : h : - ’ t . c ’ l l  in su c h  a way t h a t  the
c or r ” e t  “j acn e ’ t e n : p c r - a t u r ’ e ’  ( w i t h  a r b i t r a r y
d s - p r - r i d u c c - - r  of ~~~~~~~~ on t e m p e r ’ a t u ’- ’ - ) c a l c u —  III. S u r f , : :  . i r ’n c : ~ ,,f,r c i t o  rca c - r i d  P e  I r e s  i ’ u r :

l a t e d  in r e 1 c r ~o r ~~ , 20 i n  r c c o v ’ - r , - d , w h e n
the  i r e - c t  ;c r ’~I-1em is s,’] t’cd i t s  t h e  a s s u n . p —
t Ion  of ’ cr ’n s t ’ ,,, : t t h e - o s . ,  1 p r ’o ; e s - t  -~~ . 

A t  to - i l 1 t i nn -es ti. . I c r c - p e n - c i t ur e 4 : 1 ’ ” ’ !  i —

c ’ n t s  at t h e  t . u n ’ f , i c -~ i r e-  I . s r g o  , sn d  t i - r i - -

In t r c - d c i c i n g  ‘ the  m end  i m e n s i o r i , j l v a n e-  f o r e  t h e  e r u ’ - r g ’ ,’ a i ,~~e ’i ’ h e - d  b y  t h e  p , , c .  i f  i o u -

b ia s  
- t l o r n  r e s e t  l u - - s r  i s  nr ’ g I i 4 - , i i - i  c o r c ’ p , i r c d  I : ’

t h e  e n e r g y  t r-cs n rc- p~~r - I b y  c o n d  u i c ’ I  i--n f r - o r , ,
t h e  p a r t  p h i . i c c - t o  t h e  c o n d e n s e d  p h . i s ’  . J~ an

3

, ——



car ’. c - c  w i t h ,  t in’ h o t  ~c - , , ’ - i  i l l ’ ’ I c t i r f~~ce t e rn  i : s t r .- - I u s i n p  t h e  n o n n — i i i n i e - r s . i o c ; - , l  ‘; .: i ! c -
p s ’ r . ’t u n - .. w i l l  l,e i n . t  i u s t - , c ’ ,’ o u s l y t a i : ; - _’ -i t O  b l s ’ c; ( ? 3 ) — , 7 5 )  a n d  r a P ] : , -, - t h e  1 ] : - : ] ’  h
a j u ’:,n v - i  u - c- c o r r e s ; ’ e  a 1 i n , ; -  t o  ‘-  n c t - ’ .SI f — - - q u a t  i o n : -  ( l ’ s ) — ( 2 1 )  s inc h I I  5-,’ t o
c a t i o n  r a t e  h u t , su b ’ ’seq’-: ” : s t l ’ ,’ , c. a s i f r r ’ - a t i o n
i n t r o d u c e s  t w o  e f t , .- ,: t c  t f u . i t C s U O ~ c t h s ’ , S u n ’
f a c e  t ’ : - r - p e n - a t u s - t-- i n , , ! c h c - :’, , c - n ’ - - s c l o n  n - t e  j~, a ’ -~ — ( z 2
t o d c c r c ’ s : - e w i t h ,  t i- - , t - . t i e d , -: f r a c t i o n s  ae  

— — ‘c- . l -P t ’  — )i-. )

of t i e  e r u e r c m v , ‘oc :, i r,1’ f r - c c ’  t h e  ~ a s  p h a s e  is
absor ’ ’ S hv  c- I ,~ ~ ,as  i f  Sc  a ;  i - c c  r - c - a c t  i c r , , so
t h a t  t h e  su~~t t o ”  t d ’u r ”  C , i i 5  n o t  be 

~~ — i_. i~i 0 ( 2 t )s r , a i n t a c c ; ’ c -  I s t  i t s  j u r : p ‘-‘ u i - ; - - . S e c o n d , t i e  
~~ ~,c ~~~c o n v , c t i ’ .’ - - f l o w  r- , c - u r l t i : u c -  I r o n ,  t h e  C u r s —

d i n s e d  p h a s e  , ‘ s ’ a ’ f i c c i , i r , r c  b l o i i t  t i s e  (cot
g ’c  a w a y  f r - o r - c ’, , - s u r f - i c e  - ari d h r ’ i r ;~~a c o l d  “. ( O , z )  y ( o , ”)  r y ( O , z )  y ( c , - - )
m a t ’ s  S r i  t o w _ _ c _ i s  t ic -u s u ’ - f a c e , t b ’ s - - b y c - c —
d u c  n u ~’ t I ,~ - S - a r  f , , c e  t o  s - c i t  u r - e  a n d  t h e  r e —
g r e o c ’ :’r  r a t e .  

- 
x (°,°) = X~~( o ~~0 )  ( 2 t - i )

W~ s h a l l  arc - a  ly : ’ e f r ’n ’  t h e  p e r i o d  of
t i ssu e w i r e r ,  t h e  c - u ; - f . i u’ ,’ n - e z r c s s i o r :  n c - t a  is  

~ >, 1 X ,,
r e d - ,c ed  by a f a c t o r ’  o f - o n - dc: ’ u n i t y  f o a m  i t ; :  ~~~ t F ‘— ‘-

~~ 
= - ( l ~~ F ) c x l u ( - X 5 ) ( I C )

‘ i n i t i a l ”  ‘, . ,lu s ’ c o s ’ n - e c - p o r , d i n s m  to  t h e  j u m p ° S 
- 

S
t e m p e r c s t - ; r o r  1’~~. b c - i ’  l a n ,-e  v a l u e s  of t h e
n o n _ d : r e n ; o i o n a l  a c t  i~i a t i o r n  e r r e r g y  h / P T 1 ,
Small i : u c - i ’ e i , e n u t s  i n ,  t h e  s u r f a c e  t e r c p c r a t u r e  a -i. - — ‘ n’ Ci .P  ‘ -“ s -

of  t h e  o r - S c - n ’  R T ~~/ E  i - c - l u  cc ;- c h a n g e  i n n  t h e  S

g a s i f i - , i t i o r~ r a . e  I- ’,’ a f o c t o r  c . F o r  t h o s e
e a r l y t i c - e s  t i s ,”  c o r r e c -~; - o n I i n g  d e v i a t io n s  T h e  f ,’i c to r  ex p  ( - ‘i , )  v / ’.- -ac-’ ” ,a ;c ‘n .  f - c - c
of 0 - an . !  0 f r - a r c -  t h e m ’  i n e r t  v a l u e s  t h e  r e d u c t i o n  c- f g s : . i f i c t i c - : r . . ’ - uc i t i

ten ;’erature.

--0 /~ c r’f~~~,’7/~~) ( 2 2 )  - .I g I s h e  ; c n - ,, m—, - t e n -  :‘ a : - ; - — s r i : , - a s ,  ‘~~ ‘aa ;o n s
( 2 7 )  f o -  t b c .~ c a ’ .’ u - f  c o a l  ,‘ ;u s - - - :  - h o c - c e ce - c’. ;-

are  Sr  , s i i  , of c o d e r  i-i’ ~ / t ~~~ T — T 1) } , so n- -c. t u r e  ~ ~ u c i !  a c i r (  I i  F ) .  h , - : : , , ic- c c - - c
t h a t  i t  i s  c cn v e r , i e n t  t o  d e s c ri b e  t b s i~ e a r  t h e  g -.sn  i - : ’ ; s ’. -.’ t~~r . ; - ’  - i l - r n - , ’  

~~ 
S r .  i i ’ a t i c . al

l y p e r - l c d  i r s  t e r m s  o f  t h e  n o r , — d i m , - n u s i o n , i l to  E q . 2 7 )  , : i t i u  1’ n ’ ;  I c - i r e ]  ~- i’ ci ( l i - f l/ I .
vj r i , , b l e s

O n l y  t i e  :- n - .a - S ] o r u t c-f t r s c- i c - - c t  t, c- c-
r- ~~t u r e  a;  s i n s  t b ’ ’ i i ,  ‘- ‘  of  , c ’r ’,’ ’- ’c

x B ( 0 1- 0 ) / r  x~ 
O ( 0

~~~
_ 0

~~
) / I ’  ( 2 3 )  g i v e n s  by  t h u - c -  n i c - h . t _ t , . , o ]  t I S e  c f  I ;  ( 7 7 ) ,

a n d  n o  co : ’v : ’c t  i ’.’e e f l o c  c :  ,a r ’ ; - e ; n  i r s  i. ’ ( 2 t
d ” s cn i ! i i n i  t ! ,~’ r :- . ;,:’ c’ f : e c t j - : ’ r : 0 .  :t sl-,-cu i - -j

y ~ y /~~
u r ( 1 - , - i ’) , TE

~1 - 
( 2 4 )  a l s o  I i ’ o ] u o ; - a v e d  t i c - c - I i r s  t h c -  l i - c - I t

F t i s c  e q u a l  i a r u s a n d  I ’ c u : . ’ l . u ’ v  c o r u d i t  i o n s d e —
c - a - r i L in g t h e  ‘ ‘ - r c n - e r a t u : r - c- d i s t n ’ ,’ l -  ‘ c l i c u c: a r .

a 82s/r 2 , z = B c / i ’  ( 2 5 )  u n c o u p l e d  l i - c i a  t h - n c.r c ”’ - c - c o i l S : ,  u’ :: , , :n ;- I r a ., -:-
t i - u n .  S r i - c - r i  f u n c t i o n s  n a y  he  Sc : : - ’ - !  n o

h h e n ’e  w r i t e  t h e  s o l ’ r t i o n r  t o  c - : ; u c i t i c . r: ’. ( 2 7 ) ,  ( 2 9 )
a n d  ( 3 0 )  -is

B = E ( T 1— T 0 ) / k T ~ ( 2 6 )

c’ e x p ( - x ’)
i s  a n o n  — d a n c e  n a n  o n a  I a — t a v,, t a or ,  e n , , -  r gy  

x ( 0  5 )  —
i’--- 5 —— - —— - -‘

~
—— 5 c x p (  ~ c-- / t so  ‘ ) x

The rc - ’ w non- d i s- ’-n c-- i c :, :1 t i re a and fuel ‘ ‘ c: 

~ /~~~~
-
~‘~5 ~m a s s  f r :,c’ t i on  y ( a - . . I- , ’ - c i  d c l  i r e -I so t h  ~t

t h e y  a n-” of on - - S- - r u r c i ’.y ‘j u a n - i n : , ’, t h i s  r u n - i - : ’ ’] .
The ari c-sl y s i s t i c - i t f - ,11e ’ ,’~ i s  b ’ .a c ’-d on t h e  S G ( z ,cs ; ~ ‘ ,~~‘)dz ’dc ’ +
a s s u m p t i o n  t h a t  t h u  p a n - c- nr c ’: : C i s  I n r ’ g - ’
c o s u p , : c - ’ - ! to  u n i c y  w h i c h -  i s  c q u i v  u l e s i t tO  a exp 1_ z7/4 (o_ cr ’

~~r ’- qu i r ’ u - t h u S S h e  g - s :H  j e O l  i-”r ,  n- - - ’ ’  a t  t h e  
+ 5 

_:__ ....-. (- ~~~~~~~ )~~~
‘ ( 7 2 )

j u c u p t - n p . ’ n - i t c ’r e  I ’ ’ -  t a c h  f , , c ’. ’ - - r  t h i n s  t h e  o ~~~~~~~~~~~~~~~~~~~ 
as

g a s a t - i ’ - ’. a o n  r a t e  a t  t h e  i n i t i a l  t e c - . p e - r : —
t u n e . That , i t is n c -c c -;s ar -y t o  - a s s u m e l l , . , t  w1 ’ s-c
B is l’c r-g ” Er , or -Jer 1 0  h sv, - ,, p h y . c I c :c ~1ly
r ea l  I c . t  IC  p r - - h i  em i n  c h i c - I , a to rn  n - ’ - , -- I i r : r  C ( z  u :  ‘ ‘ ) -‘ cx; ’  

~
-- ( ‘~~ / :~ ( c s - n ’

c o r u d , - r s : c c d  r , , t - c r i .:, 1 “ a S U’ !  l o : r l y I ‘‘ - : u c ’ I c t  I - ’  ‘ ‘ * -
v i g o r - o i l s  g ‘ r a i f i c a t  ion upon coot .,, t n i t ! ,  c - n .
g a t e - c .  T I : ’-  r a t i o  :5 tb s e- r ’mi.,i 5 - - - : :  p u - n s s i e ’ r t l t - o + i’ >oc [ ( a ’ ~~~)

2 / s i ( o _ o 1) 1  ( 3 3 )
F is  u ’ .u t h y  sm a l l , h u t  i t  n ’ u - y i ’u - c o r u , . ’  o f  ‘ -

order U n ,  I t y for ~~~~~ v u ]  u c r .  o f  p s - i ’ n s s u l ’ e
or T 1, t-, * a r n r e  i t  i c c  p r - p o t - t  i - u n -’r ]  cc- ‘ 1;-’ l v i i  r c t i n , ’ .‘,] ‘ ;.l t 1’ ’:, ( 3 2 )  i i  t h u e  r r u r ’ —
squa t ’- r’ - ” t  of  -

~~~ . T r s u s , t b , - ;- . i n . a c u ” t e r -  f a c t - - a - ! u i : : , ’. , ‘ u ’10, ’5 t 1 , u n  ( 3 0 )  c i a  ins ’, ’~ ’t’ .ii
F i r  is at  l e a s t  d f  ‘e r - i c r  ~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~
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T h i s  e - 5 -.c , t i o n  S e n r ,’r j l ’-u ~ t i c e e v o l ’ a ’ , i --. r ,  w i t h

Fr-o n equ c - u tion c s (:o), ( l q )  a r i d  ( 3 1 )  ac-s ~ ~~~~~~~~~~ 5 , -a i s I ’ s  s .,. i u.~..t.,,i,,j,ai n t e g r a l  e q u a t i o n ,  n s a y  ha, d e r i v e d  n ’ e ] a t i r ,g 50 2 1O~ a ~~ iO~ I0~
tls e s u r f a c e  n c - a ss fract i c:, to tine , v i z . ,

I’i g .l T h e  funs ctior , y (a ,~~) d e s c ri b i n g
a exp(- x ’) surfa ce n c - a w n  fraction: h i s t o r y .

y e = f __ ._~ _ _ .d. . dc ’ ( 3 5 )

i i i , , u i , n ’”I Tl ’ lT”l i I iT  , I n -

T h i s  e u l u a t i c , n c a n  5 1 5 0  be u s e d  t o  c a l cu
l a t e  the s u r f c i c €  v a l u e  of t h e  o x i d i z e - n ’  sass ‘\ N, \~ -f r ac t io n , if  we u s e -  1 - 10 /Y 0 i n s t e ad of \

\ 

\
~
‘
\~=o

~ ‘—l--’-’-r—’ m- ’ r T T r ’ rmr” f’ —r r’rr r rrrr’ ’Y r m m  “T’ T T’l ~~~~~~~~~~~~~~~~~~~~ 
- -

0 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

a~io ~~~~
“ I0~ r0~ K) ’ sc~’ ‘ so mt’ r~ ’ 50

r1r~4 S u r f a c e  r e g re s s i o n  r a n . , ”  !s i s t c ’n ’ y .

For  l a rn ’ c v a l u e s  o f  t, * t h e  c h ,’u r a c t c - : -‘

t n o f  i q  ( 3 5 : ) d i s  p e a r s  a : :  t h t

ç O’Iz~ tu.L..L...J..a £L~~i~~L_5~LL a~~. i.,.LsJ 
_.1 _ci_’.L__ L_ - 5JJ e x p ( - x ) x

no -’ i~
’
~ i 50 50 ro so ,.-. .~~~ 

,I’;~R7 1 

— ‘~~~~‘— ( 3 € - )

F i g . 2  S u r f a c e  t e m p e r a t u r e  ~ ( T ~~- T ) F / R T 2
- ‘~~~ S 1 A F c - ; n , p~~- K ’ c i t t a  p r o c e d u r e  w a s  u s e d  t o  s o l v e

ann  a f u n c  so n  o r  t i m e  0 
* an d  ~ . e u q u ; i ” n  ( 3 6 ) .  Thsc -  d a s h e d  u ’ u n ’ \ - u .’ ira I i n u n ’ e

- . . . ( 2 )  r - e ; ’ r - e s e c c t s  x a s a f u n c t i : - r ,  o f  a f - a rA f i n i t e -  d f f e - : - -:- c s c”  - / e n - a n o n  o f  eqc :a - ’ . . -t i o n s  ( .3 l~~) an d  ( s s )  I, -. n~ b e e n  n c u ’ : - ” r ’ i~ ’ . .u 1 ly  C l O  c’’, t a j r u e n l  f m o m  e q u a t i o n  ( 3 1  l , s a : - w i n g
i n s t e g r a e - ’ : i  t h s n ’ - ’ .: 5 - l ,  ci p r - a u ’ e d c r ” -  p - u r , a l l ’ - J  i-a- ~~ i’S ; ’ t - u t e d , d i f f c r e n c t - s o f  o r - d e e  1/ A  ,i- i-s
t h a t us e d i n  r - u - f C n - u li e ,  I .  T I c ’ -  r - - su l ta of t t o  e x a c t  s o l u t i o n s .  T h i s  c u r v e  sm i th t b ,
o u ch  a n  i - i t  -~~n’ - , t i on  I n - c  n h s e w n n  i n  f i t ; : :  n’ - ’ S 

d e f i n i t i o n  o f  0 1 r u . i -J i - i ’  u s ed  t o  o h S - u n
(3) C- n o d  (3) f - c - n s ev ,  r , u l  v i - j~~s ‘ u s  A . T h e  x f l -1 ) . In t bu i~ l i m i t , tie ’ c o : v e c t j v - ’  ef
n o n — d i m , :n ci :- r ,cil r,- 1- n- u . sn , i on t’ ,t e v/v

1 f ec  a l ’ l ’ c , -s r i r s g  i c r  “ 1 : s i t  i c r ,  ( 2 7 )  b r a s  t o  I -c
e x p ( — x ) i s  p l o t t e d  i n  f i h ’ ’ c : c - t 4 ) .  T h i r ,  i- t - t a i n r : , !‘cr  t h e  r - S ~ ’!- t ( c r : ’ of c- qu. : -

r a t s  i s  m a x i n i u t ,  - , t  t h - ’  t I c - f  c o O t . , c ’ tio l s (30) a r n c o c i a n . ,- ’I w c t h  c L ’  I ’ ’  a ’ a h r , , n - i - - d
w i t h  t he’ h-a t ~~,s  i n : ’1 cc ’ ’, ’ i o t a - u n i v  d e ’  I -y  g a s i f i c i t i ’ r , , i s  r ,eg h f g i t - i e .
c r e a s e s  t o w , s r - ‘ S z . - r c -  , f t ’ - r w .,r d a .

( - c r ’  o t  t ! u ” ‘‘ e c t ’ l a l  c c ’ s  o f  5 1 - , -  



~II~~

:-r:’s ,s , : s tud y r,’ ’ er c : s f c c - m r s  c - I c - ,  a r p i  i c a t i o r  Iss or’de:’ to o i t a i n  a : r u u : !- e  a n . ’ c a n - a t C  - x ~~ : - c s —
t o  c a r  , i c - , , :, , i-- rn ~t i - r: , i t  I s  i c , ’ , .- s - - c  t i n g  d o n  of  x f o r ’  s m al l  o we c a r s  u se  t h e  ex ( .1.

t o  o h :  , , r v c u  t i c - c-c t - J n , ’ I , - r -  C I .. c t s i n  c - n t i c - u l a r -  s i on
c o n - h i t i u n s , t ie’ pr ~? s e n t  a i s .l l y c - S 5  c a r s  h e
e a s i l y  ,a e r , e r u l i c - t - d t o  - i c c - c o u n t f c c - n -  f a c t  c - i i d  -

X C  o f  o f  i — —— ( 3 8p u - i - -c  s o a r ’  , o n s  a n , -,. o v - ’:c 1-c- d , - s c r i b - , -  t i c  0 1
i s ’ n i t  ic-c s  ev a ’  - L : c a . - - 1 y ,  i t  t h e -  f u e l  c - c c - i t !
i - -n - ’ ,I i , a t e l  v - , : - - r ’  g a o  i f j c , , t  S e a  w c - i ,  t h i s ’ w h i c h , whe t, s- c- I st t u t e d  in  L q s  . ( 2 7 )  , ( 2 9 )
-a c m ] -  1 , - c s  t o x  i ‘“ c ’  * 

the l,e - : t - - - in .  ,: ,c- ‘, ,, ,‘ c - L i : :  a r, ci ( 3 ) 
* 

p r e v i o u s l y  c s -j r  I c  0 i n c  t e er a s of
ic x c ,t !, - , ’n c : c c c-c s 1  i c - n ,  S ( c ’ - l ’ l -l 1 - .’ s,jhtr .,ct ’ I t h e  ‘ , , r r i a h j e a  o a n , . ]  le~~d c -  t o  a c - v a t s - c’ , ‘ 1
f ee- ’ t l , e  h o c - ’ - , i ’ c , n - h e d  1 ’  t ] : u - . a s i f u: c i c  i - a r ,  e : ,u:a t ior- s , w i t h  r ’ ’ u l u t i u r ’ ,s g iven , by E-.,s.( 3’/)
e e c - i -: t i or i  6. i c c ’ s n o t  d i f : i c  u l t  t o  c - I c - r i :  c -n d
that in t h i s  eec - c 

~ F 
0 i c c  c - i ,-- g a s  p h a n e

and c - b e -  r a t i o  (Y — ‘n
j )/(y c - ’.). w h e r e  v is —

~~ 9 c-c - s r 
~~,+2)i-’

_
~~ lr er rc,,

t i r e  r a n - c- s s t o i - : h i c - r , c t r i - :  r - c - t. ic  : x i d i z - - n - / f c - -. ’l , f , [ — 2 _ A  + ‘ ‘ — T ~ ’~~°J L ’ ~
— mi 2 e - r fc rt

sa t i s f i e s  Sq (3) and the- wan :, -- i n i t i a l  ,,c ,d -

b o u n d a r y  c on d i t  i o n  t h a n  l i e -  f - c - c l  c-ass  f n - ec. -
t i o n  in ti se ru  c - c c - n ’ ,- c c - l i v e - c i t . .  I n  rc- , a r- t 1s 

— 
flC XJ]( f l 2)] — ~ ( A ÷ 2 ) ( 2 ) ( 3 ° )

ular if the net valen e of S is p o sit i ve ,— i n  -

Fi g .3 g ivin g y (o), cans be us ed to caicu-’

late Y 0 ( a )  i f  wa w r i t e  ( Y ~~ ,-Y 0 , ) / ( ’ r 0~~+ v ) C  w h e r e ? e q u a l s  ar(i -- r) in the c o n d e n s e d
= y 5m s ’ ( 1 + t ) * ~~- a /~~. Tis e a n i a ly  I c -  c e a s e s  to pisase ar,d wr (l+C)/C irs t ue gas  p h a s e .
be ‘,a li d  i f  the rOsul t i cu l ’ vc, i-ae Y - huec o cre- e

Os T h u s , f o r  e a r l y t i m e s  t h e  s u ri ’ a c e  ce- c--n e g a t iv e , win - a ’ :  t i r e  r e - a c t i o n  zoo~c-c m o v e s  p e r a t e r r e  i s  g i v e n  b ya w a y  f r o m  the s urface. f
}‘or s u f f i c i e r r t l y  e x o t b - ,’c’ r: i c  r e - a c t i o n s  A

t h e  r i o t  v a l u e  of  S in  n e g a t i v e ;  - a n a d e r  
~~ V~~ 

( 2t — a ~~1 4 + ~~~ ( A t 2 ) ~ -— -(~~0)
t h e s e  c o n d i t i o n s , A is  r c c - p t i v c  a n d  t he sur
face t e n a p e r s t u r e  cc - a c - m i le s E q  . ( 3 4 )  i f  i ts
lef t isara d sid,: is rejulace cS by ( — ~~~ ) .  Th u s ‘C hr i s  e xp a n s i o n .  c a n  el s e  be n e - n y c  3 c l i i  c ct i y

- . f r o m  e q c c a t i o r :  ( l ’ s ) .  I t  is p l o t t e d  f r a n ’  cent ,
e q u a t n c n  h a s  (o c r .  n , u ’ r , e - n - n - u a l J ’, :n t e g r a t ee  p a r ’i s o n  w i t h ’, t h e  exact solution in fi g—inn  r e f e r e n c e  2 0 , t c  g e n e - n - a t e  as  a f u n r ~~ um e  (~~) f or  t h e  c a s e  A 0 .  S i r : i l a r l y , t i ,e
t i o n  of A .  It  i s  o P - a - c r y - ’ .1 t ] u a l . i g n i t  i o n  e a r l y Ic-in ca nc- a rc s fraction profil e -u: ‘are
o c c u r s  o n l y  f o c  -, , , iu e s  c - f  -t ,  < 2 , inn w h i r ’s g i v e r s  ly
canc e — y ,, is  p o s i t  i ve  an a d ,., s ’ c u s z s  t o  i n f i n i t e
at a l i n i t c c  t i -r e- a .  ( ,‘u. r

ig n  ( _ , 2 )
y = 2V

~~
L_

~~
-P__
t~

i!-___ - t e r f c ( v )

I V .  T e r n c p c - r ’ a t u r - s  -a ri d O o n c c r , t r a t i o r i  P r o f i l e ’ ,’.

T h e  t o s s p e n ’a t u n ’ e a n d  c o n c e nt r a t  i o n  ?~~c--  — a ( 2~ A )  [:i 2 e -r i  c ( p )  -. -~~ exp(— 1u 2 ) 4

files can is cc cal culat ed , Ic- turi n a ci p l e , by
usi .cg F.q.(32) in t’.’r’n cs of  t h e  c a l c u l a te d
su r f a ce  t e s a p e r a t u r e  h i s t o r y .  H o w e v e r , we + 

er~~~ (P)] + ( ‘4 1 )
s h a l l  in s t e a d , d e r i v e  e x p a n s i o c u s f o r  t h e  2
t e c c - p e - r ’ e t u r e  a n d  c o n c e n t r , : e i o n  p r o fi l e s  f o r
sr ,sa l l  a n d  l a r g e  v a l u e s  of lis p n e s s - c l  i ru: e r , si on  w h e n - a  ;, C

al t i m e  a . In  t h es e  ex p an o  i o n s  t i s e  n o n - c u
m e n s i o n a l  d i s t a n c e  z t o  t h e  sol id s u r f a c e  For l a r g e  c’ t h e  s u r f a c e  v - I - a -c n. o~~ x
is SCalCd wi th the characteristic thick— . . ,

is ls”ge ari d at  b e c n r c : e s  a s l o v~ -,~ v a n  v , c a g
ness of the hea t conducti on layer 2m ’o to f u n c t i o n  of a . If  b c - s .  ( 2 7 )  c r u d  ( 2 ’,’)  an ’s ’
~- : - c - d u , e ’  t h e  s : r n i l a r it y  v a r i a b l e  q = z / 2/ ~ - . 

- . -w i ’ a t t e n  i n  t e r m s  of t h s e  s a n - l i a r  c t y  v , s ’ - ~~a-
f o r  ~ r , i , i l i  a r i d  l u r p e  t l c c , ’a ’: . We s h a l l  l a t e r -  - . . . -

‘ 
‘ . b ic r~ a n d  a 

* 
t t . e  t i me d e ’c i v ’ t  c- t e r u ’ .  inu se  t h e s e  e x p a n s s c u n s s  to  g e n e r a t e  a -p p r o x i  - t b - c  e q u al  i o n s  c c c -  be  r ic - g i e c t e d  i n  f i r s t

m a t e  e x p r e s s i o n, : :  t h a t  c a m s  be u s e d  to  c a icu  . . . - -
— t s r o x i n , i a t i o n  f o r  l a r g e  t i m e s , a n u d  t h c -  t e n s ;

l ate  the surface t e s c pe s - a tu n- s for a l l t i n e s .  ‘ 
-

r e t u r e  a n d  c o r .r’ e n s t r - a ,. : c -ns p r o l a ] e s  t . a c - c  a
q u , n s i — r i m i l a r i t y  for ’sn . A snore accurate rep

For’ small v a lu e s  of a t h e  f a c t o r  . -r e s e s i t , a t s o n  of t a o  i e n r : p e r a : : n r e  a n d  C O 5 s C
e x p (— x ) i n  i .( ’), ac- c o u n t i n g  for the 

tra il er , profiles can be obta i: ccc] as - a c - c u r .—
chi a cu g e in ren’ r t’s s ions v e l o c i t y  w i t h  r h . ” n u 1 ; os si or ~s of x * x n d y in  d ee r ’ , - n c -  i-sr  ;‘-

~~~ 
-

i rs  s u r f a c e  t e r , c p ” r - a t u r e , c -c-i n b e w r i t t e n ’ .  e- , g . - s  - ,
- of  x t i m e c  fus ,c~~i - a n cr o. , . , c ’  ;‘ar’ :a s l u le .i

qual to 1 and , i n a d d i t i o n , t h e  h e a t  of  s
g as  i f i c a t  ion  i n ,  E q .  ( 3 0 )  c a m s  be  n e p , l o c - n ,.,: ; T h u s  s - h u t - n  t h e  e x p L i : i s i o m s
the re s u l t i n g  c - ,y.:t* -m of oqisa tions h a s a t i m
il c i r i ty s o l u t i o n  c-f the form ,: x = /~~f 0~~r , )  = x , ( o ) F  (,-

~) + P ( r ~) i- ( l / ~ ) l ’ ,, ( r s )  +
wh cre “ 0 1 -.

(U? )

ari d a a i m i l a r  *‘x j - i : o i o n  in  pc’ ec . - r s  e f  ~= [ ( 2 t 1 ] p _ n 2 ) 4 11_ 2 . A n e r f c fl ~~~~ f o r  a r e  i n t n - i n - ’ , u c ,’ I  I n  r~~ . ( 3 0 ) ,  t h °  
S

. -~~~~~~~~~ -—~~~-~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - • - ~~~~
- -- - -

~~~~~



r e t  i c - j o , .  I t  1:- c,l-: . -cr’ v ,’ -.’ t i -s t t h e  rs -a nr c- I n  -:s . 1 1, c : ,  I n o —
F ~- c  d e l - - cud u a r l y  or ,  t i c a ,.- - n - , : : ’ :  t e , ’  ,~,

r~ 
— 

0 1 ‘ :‘ ~~, r q u a t i o r c c- ( s s o )  c-~ , ’i ( s ~3 )  m a y  h - c -  u S e ’ S to
- a~~ + + + - - ~~‘ ‘ d c - , - i v - ’ e n  a ; - : : r o x  1: - t o  f o r - n c  0 1 c ] . c  r e l a t  i - - c ,

S S o ( x ) v a l i d  f o r ’  a l l  t i s u r e c .

i c - c  cI  ‘ a i c , e ’ l , s h - - r ’ o
) ‘4 d X  — b + d ~~~ x .S - 1 1 -o = a x  c ’’~c - c: ( ?’/ ) — —----— --—-—— -— - (51)

F ’ ( o )  + I I ’ ’ . ( a )  C, s S 
x~~ + d  + cia i s . ,~~c- a 3 u sa .  - -1

w h e r e
ar , d I I , -:- s c - h s c r i ; - t ,- i n c l i - ’ :u ’ -:- s a- cs  p h . s u ’  2
v a n - i :,] i-c. Wi c~’:. E q :  ( 2 7 )  ,r nd  ( 2 ? )  c - n e  a l S o  2a 1 2a 1 a ,1
s - r l t t c n s  i n  t e n  s c- f r , a n d  ci, , a r i d  . u r : d  * 

b C —— — 2 
( 5 2 )

- . - - o o a
a r c  s-c - I  a t  i t : , ’. ,~ I ’ . t l o , , y  - - x c - .,- : , . c - : - - r ,  1 , 2 )  i ce  0
obta in : , I-v co!1-’-et i n g  ii~~e p w e n - c c  01 x c- , a

y s t e n . c  of  ci-  ,t  S o r e  w i t h  t i , - s c l u t  i vc ’s ’ b f  — 2 ; 1- 4 ag — c i a 1

d . d 5. —— — —— ———
~~~~~~~

——
~~~~~~~~~~~~~~~~

- - ( a 3 ,‘I 
7~~ 

a 2 i - ” -

2 1- - - 
a~~f - ? g-  —~ f -~~~~ I

F c r f c ( n i ) * ~~: 
a

0~~s ’x p . (_ c ’ )_ e - i f c c ~~~)~ ( 4 5 )  a a aa~-

cc 2 + ba 2 /a  — -‘b/a
0 0 ‘ 

-
-, 21’ c- 1 

(s~ — d ,,a —_______

F 1 
C [ g ( n ) _  - ) c r . f : I  [~ - + a F c _ 2 5 - ~~~~ 

~

+ ~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ( 4 6 )  
f * 

g n n / ( 2 a L ) 2  ( S n

— 
( P t A ) 3

w h e r e  t h e  f u , : , . t  i n n  g ( x )  i s  t h e  s o l u t i o n  of
t h e  equ at ion

Expr c-s sse ,- ( 5 1 )  when expand ed f o r -  iC, c-~~u
_ ,, , a , re- r u n - e d u c e , :  t i ,~’ f i r s t  t h r e e -  t e r m s  c’f
g i l x g  ~ € - n ’ f c ( x )  , g ( o )  0 g ’ ( o ) r l  (II 7 )  s cq o a t i o c  ( ‘u l ) ,  ac: ch s c - h e r s  ex ; - cn d c - ri f o r  c - c : a .:sli

o , r e p r o d u c e s  t h - - c o r r e c t  e x u , , u c u s c - o  c c up  t o
s h o w n ,  w i t h  a d a n - I c e d  l i n e  i n  f i g u r e  ( 5 ) ~ t e r m s  of  o r d e r  x~ 

. ‘s h e  a p r r ’ o x i : . c i c - u  c - c - l a - -

We s,o t  i c -  I c r f u t u r e  r e f e ren ce t h a t  t i o n  ( 5 1)  w h e t ,  d r - a - r n ,  in n  f i g u r e  ( 2 )  c an  r i r t
1 . 5 8 .  be d i s t i n g u i s h e d  f r o m  t ir e e xa ct  s o lu t i o n

ob t a is e d  ni: r n e r i c a l l  y .
T h e  c x p n - e - n c s i o s i  f o r  — F 2 is i d en t i c a l  to

t h a t  of  F w i t h  a r e p l a c e d  by — a  . E q u a —  S in c e  t h e  o bj e c t i v e  c- f  t h e  p r e c - - e n t
1 2 s t u d y is  the analysis of c- Ice g a s i f i c a t i o nt u r o n  ( l u r l )  cart now be used to calcul ate the- . p r o c es s  in  o r d e r  to  d e v e l o p  a f o l l o uj  u pu n k n s o w n  p a r a m e te r s  a .  

* 
t h e r e b y  o b t a c - c s ’ . n g  . . . . -

1 i n v e st a g a t i e n  of g - a c  c -b a s e  i~~ n s t c - c u n ’ , w e

- a r e  s p e c i a l l y  i n t e r e s t e d  in  o h t e i r , i r : ; ’  t e n s —
a 0 

C T m / ( c m + 2 A )  (4 8)  p e r a t ur s -  an d  t c a s s  f r - a c t i o n ,  p r o f il e s  i n  t h e
- gas  phase.

a1 = (4~-~ - + ~-~~2)(i+ 
2~~
)
2 

(545) Equa tions (38) and (41) valid for sm all
w - /7 v a l u e - a  of t i m e  and  e q n i a t i o n s  ( 1~7 )  a n d  (50)

v a l i d  i cr  l o n g  t i m e r -  w i l l  p e r m i t  t h e  a r d l y -
The  a s y r c :p t o t i c  e x p a n s i o n s  in E q . ( 5 u 3 )  s i r s  of  C i i 5’i~~ i g n i t i o n s  ( v - c r y  r e , s c t i v e  g a s

c a n  b e- u s e- i  to  c a l c u l a t e  x~ ( a )  f or  l a r g e  p h r a s e )  a n d  la t e i p n i c - i o n r a , t h c r e l - v  c o v e r i n g
tin e - s. The rela tion ob t a i ~~cd w h s e n r  u s i n g  b o t h  u n — S t i n g  b e h a v i o u r s .
the first tisree terms of t h e  e x p a r u s i o n  h a s  . . -
b eers plotted in fi g u r e  2 , for A = a , t o  Iii  f a g u r e  ( 5 )  p r o f a l e s  o n  t e m p e r a t u r e
n-liar the range of  v e l u e s  of ci w h e n  it  is  d e v l~~t i c ’n : s  x f ri ’s  t h e  i n e n ’ t  o r  n o r , -
a n  a c c m n r a t e  r e p r e c a e n s t a t i o n  of  t h e  exac t , g a s i f i ca t i o n  v a l ue s  a n d  t h e  n , o n — d i n n e s s c - i c n , . , l
sol ution. inc - ins fr-a cti on ~ are  s h ow n  a n d a f u n c t i o s ,

of  q f o r  d i f f e r e n t  v a l u e s  of  a • We h a s - c
A s i m i l a r  p r o c e d u r e  y i elds the long only s h o w n  t ins - case c~ = 0 , be I , f o r

ti-c-” mass fract ion p r ofil ce 
* 

w r i t t en ,  h e - c c ’  w h i r l ,  t i e  e q u r a io ru c- and hoond ep y cord it San e
in ter m s  of the similarity variab le pr.~/Lo de fini n h ’ x , x _ , ar -sd y c o i n s - l it - . u s i n g

f i g u re ( c i ) a nu  e q c n e t u o n r c -  ( .  .‘ ) ,  1, 2 3 ) ,  :t  i s

- — e a s y  t o  d e r i v e  t h u -  t u  n a p e r a t u e c  p r o f  i l e s
X 8a 0 / er f c ( l s ) a- ~a~~/7~~g p ’ - g ( ~~ )~ + for - a g i v e n  s i r

1 K o t  i c e  t h a t  t h e  f u e l  sc-a ss  f ” , ct  ion
+ + —~— -— ) e r - f c ( u ) } ( 1 - ~— ) +  • - - —  ( s o )  d o e s  n , :’ t b ’e c e ’s u of  cu x - d e r  us u r y  u n t i l  v e ry

long  t i - s c ’ s  w i s e - r u  ~ i~ - asses o f  o r - s l u r  8 , so

-~~~~~~ ~~~~~~~~~~
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cr~icoo - 
• - ‘ . .o b t a :r ” t !  f m - c c - n . e h o u n d - i c y  c u r - L u c e - i s i n ,

- 
E q s . ( l l i a n d ( ’ l u ,

I \ ~ 
.— ‘ E c s . ( h c 1. ) — r n d ( 6 2 )  ,- i ’ .’e .l , B C n ~ l S  cx-

1. \ \ — 
- p l i c i t e l y i n  t e r n - c o f  u , w h s i ] e- ~~‘ i . ( 5 l )

\ \ 9,” g i v e s  a L : ) .  T h u s , c - c  b u . n v e  -a r  c x : ]  i c i t
Z ‘s \ - p c s ’ o n  c t r i c  r’- - -r ’ e : . e - : t - i t i ’ -: ,  of  t h e  c - - l - ~~ f o r ,- ‘ ‘ / . ‘

~ \1O \ \ / i 5 ( c - )  a : : v c - - J ’f : r ’ ’ c - n e  p a r - I u ’c d : c- -’- c-- U .  i - i c - c S ’  Ii

I. - \ \ ~s — is  01 o r d e r ’  u : s i t ’ ’ -,’ c - c ’ c c  t i s  of  o o - S ’ n -  ‘ i c u r —

\ \ \/ t y ,  a n  o x p l i c i t  c s . i a t i un

.8k— \ \/ \  - c - r i - o r, ,  of  o r d e r  1/ 3  * ceo  be o i , t i - : - - -i I - ,’

\ \ - 
w r i t i n g  u = I i n  !.q . ( 5 9 ) .
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T h e  f u e l  n- a c- s I n a c t i o n  i s  g iv - :- b y

‘I
F / Y b =

o ‘~~~~~~~k.c~-~ .’c ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ . -
- w h e r e  Y is de -.,c r ’r, i n re ’d b y

0 ,2 .~~ -b 8 I. I ~ U lo 1. 8 2. l’s

F l u ’ . S T n - n c r - e s - - ’ - s: s a ar : . l  c a , u C o  1: - act  b r  - - — ~~~~~c- ~~~~~~ ~~~~~~~ ( g ~
p r - c u l L ’ -  - -  a 5 

* 
h e  C 1 .  

S u/ I L- l + u : - s ’ f ( u -  )

so h t  o tu t a  i n s e c t  Ic -on , ,  t b ,  b o- :r, d -ir ’’, c o r u - S i t  i c _ n in
( T , -- T ) /1 . -- r ) ( 5 6 )  E q .  ( 2 1  ) . A s L i  I d5r u~ -~~~ :S r on  i s  0 ’ ‘ cu

— S i 0 to  ‘ i c - s c r i b e  t I c -  c- n ’l - i i ::c- c- c- a -r f r ~~ c t l  b ,
r e p l a c i r - Y sc -n c - I Y , l v  1 — ?  / Y . , Sc c di

i s  of c- j ,  an d  t h e  s o ] r r c - i o r s  g i v e n  
~~~ ,~~ r~~s c - - e c t i~ -~~1y~ 

0 c~
by E n - b ’ - ,  - ( 5 0 )  I s  no l o n s g uc r v a l i d .  O~ O~~
To o i - c - ,’ u i n  t i c - c  c o l i c - i n n ,  of  t i e  s t - n t e r , c  -if
E q s . ( I L S ) — ( 2 1 )  f o r  t i c - n - s e  l en ’ge  v a l u e s  of 

~~~•c- i c c - c , we w r i t e c - h e  o~~s t e r u  irs  t e r m s  of t i n -
v a r i u r s h l e s  ii ~ / 2 -L  sod  c- * 

a n d  n a t i c e  T i - c -  t i m e  e v o l u t i o n  o f  - i n  t - ’- - , . - u e r - c , ’ c - r  -
t h s a :  t h e  t i c - c e  d e n  i \ ’ c t i v , - t e r r c u s  ar e  c u f  0t a r i d  s c - u r n s  b r - a c t  i c - n s  ,‘nt t h e  s u n ’ f c i c o  cu .’
c ler  i / S  r e h c i t i v e  t o  t h e -  r e n s s ’ i n i n g  t e r r , c c - . d e s s s - d  m a t e r i a l  t i ,~~t a s i f ’ -:s c - n c c c - r d i’ r . , ’ mc ,
T h u s , ic s f ’ r:t c1 .,c ’cO Xn, . sn i on  n-c~ can  u s e  a n  e n s d c ’ t h e r n s n i c  A r u r , h e n r u s  d e c o r - p o s i t  S ’cu ’c c c -
t h e  q u a r i — s i r i l - u r i t y  a 5 s - - , L ,~’ t i o c - ,  ~as  w c- d i d  a c t  l en  a f t e r  b eL a - e - x r u c - c n , - l r o  c: h o :  s - a s .
s c - i c r  f o u n d i n g  t h n -  c - o l - c - a i -’, :u o f  t h e  s y s t e m  h a s  I c ’~ e -5  d ’n e c r i h - e - d s n c l - ,- t i c c , l l - .’ i c y  c - n e s s - -
of  L qs . ( 2 7 ) - ( 3 3 )  F o r  l a r g e  c i .  of  O ’ c j : ’ up t c -  t i c  t e c t u s u i q u es .  

-

T h e  re su lti r cg, cyst er a of ordinary d i f— Upon contact with the I - c t gas , tls’c S,, ’
fe :e r t i a l  e q u a t i o n s  car , be solved to y i e l d  face t -r ,p e ratu r e is r a i s e d  to ac - u

d i a t e - “i urc r ’ v a l u e  e q u a l  to  t h u ~c cu r e  ex s-

( 8  — 0 ) / c -  A e u f c ( r a ~ r 2/r) + e n f c n i  ( 5 7 )  m u g  i n  s i ’ s - -c- n c-c e o f  g a s i f i c a t i o n .  G,a c n i f L c , —
I t i o u u  h i o r :e v e r  , c~st n s e s  t h e  s - l u ’ ! a n  t e ’ m p~- r c -  --

t o n - c  t o  d c - c r e a s e  w i t h  t i m e , s i - c e  ‘can ’t  of
(0 —C ) B e r f c ( r - u )  — erf c~ ( 5 8 )  t h e  e n u e n - g y  c o c c i , , 0 f r o m ,  c - h u e  lu o t  g a s  i s  c,hi -

Ig  g s o r be d  by the er a Ir u ’i-u~~rn: i c  r c - a - t  i o n  a r -ct , i n n
a d d i t c t o s r , l , - ’ - c a u e r  n b c  g c - s i f ] c a t i u - n  r l - c - w

c- -cu - b r i n g . ’ c o i l  n n a t . - n - S : 1 t o w , n r - d s  t i - -  s u n  f~~c- -
u r / { r i ( 1 I b ) / t }  ~ /v 1 . ( s a )  ac - n d 1 ) ow s L i c e  h c u t  ea s e :  - u i .  I : , ,  i -u ,. a n ,

e a r l y p e r I o d  i r s  n-,’ h i c h u  t h e  d e c - n - u ’ , u , ’ rc ,’ s r s s —
f a c e  n e g s ’ e s s i o n u  s - s t e  i s  s t i l l  o ’ ~~~c C  - n -  1 - c r -

u c x l - f — i i / [1 + 1 ( l — T /T 1 )~ I ( 6 0 )  of  i t s  i c - i t  i-il v e c l u c ,  a t  t h e -  u r n ’  t e n — c u
C t u r e , t h e  f, rr h s c’ s uius s-xpos re:c t c.-,:’ b~ ’ l i s e ~

- , a r i : r c’ d a r o’, j c - c - l C l u e’ j ’~sp t - ccc i- r s n  ~~~ T S n S
an d C , c , n  c - u n ’c c- a r t  f.  a n s I B ar ’ - a - u n - n  by I r s -c- . 1 -o n l y  t I c - ’  g c ’ a l r - ” n t  c - i  t h u  n u u c u c u — ’c s m r i f i c ’ c n t  c i ’- ,C . ’’., c c - l o r iS . ‘ .t e m p e r a t u r e -  l u r o f i  h e -  c ’n t e , - c -  t ! ,u ’  C C - 5 5 V u ’ ( t  I V ,

e f f e c t, : . f - ’  a n - e s u i t  of  t i c - sc ’ s i n ~~’) i f i c c 5c —

• s f e - s  Ic ( . s / r ) - ’ ~ e ~ i’ c i c u f u  ( — u ” — l } / r  ( s - i )  t i c - n cr , u h e -  c - - c c - F a c e  t - - m : ’ --’ r - c s t , r r c ’  i c i - -~~~ r -y c a n :
5 b e ’ d “ c c  s l - . ~ d h - v  t I a o l - c t  i e c - c o f  m u  : , n  s - —

e q u a  i o n s  i v  i n c  il ‘< 5 
c c ( ‘I 1 — T ,, u n -  , i c - c

ft

L —— -—--_ . ,.. , .~~~~~~~~ - - - — -
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c-- n s a  c-f a r , o s c — d i c - . c s s i c j -. r , c a i t i r - c  ci a n d  a 1/ lIe Aj e .~~ , ? - ‘ . 
* 

C o w c u r , , P . L .  ~ rc s I S a c s —
c i  e ~~ d ’ r u e , -  t c m -  si cc an  - i ’  i n n  t h e  co c v , -  c t : - .’u r u e  i- f ic- I I , ~‘ ‘Tb .  c- i-i c- - n  c c ,  ir i s ,  ! 1 p n - i  —

e f f e c t s ;  t h i s  i n  c ’ .-~~n . - ’ ; e : c t , ,-d  i n ,  I ’ i g . 2 .  ‘l b s -c  c - i C r :  of  C c c  I c u c u c c i t u c  S o I S P  t n ’ - : - t u - ’ l i - s n c n - - b y
sun- f ,:. ’- v s l u e  of  t h c  f l u i d  mao : ,  fi- , , c t i c r -  H o t  C a c , — s ” , i r c c g r u ~~o is, i . n t n - u r - a u t  i n s
is g i v - : r r  i r s  F i g . 3 .  C h u c u a d  f o r - u , ,  Y ’ ’ O  a r i d  bc -i -c -  t m y ,  V o l . ’ , 6 2 3 — 6 - 2 , ?.c- , I ’ : c b c
s i o ns  o f  t h e -  t e r n u n  t o r e  nd c c n c c n t r c u t i o : c  b’ r e,: ,- , I s u c .  , N ’ - w ‘i c- r i-- ( 1 2 0 0 ) .
pr’ . a f i ] u S  ar- c a l s o  ,- i - . - i r s  t h s~ f o r r u u  o f  cx-
p a n s i o r u s  f o r -  s m d l l  u : c . i  l a n — u n -  v - u )  u e s  of  0 . 7 /  E s e r , A . l ’ . ,  R y a n , I . W ,  a n d  b a i t , 1 , 1 .  

*
“ Pr - o p e l  l a i c t I gn s i t  e - r .  by  I b i  g h Cons -s c - c c -  i vn ’

W h e n ,  t h e  v,a r - i a h l c -- x L e e s - c - c - s l a r g e  of  H e a t  h ’ l j x e - ” , Progress in ,  t-. c c t r o n a ’ ,. ’, i cc -
o r d e r  S * t h e  e e c - p l o t - - C c - c - c V e c t i v e  t e r ’ s - : c -  a , a d  R o c k e t r y ,  V o l . 1 , 6 5 3 — 6 7 2 , I c  - u d e s c i c s  - u
h a v e  to  S o  r e t a i n e d  a r i d  t i -n -  e x c c n  f o r m ,  of  P r e s s , I n c - c . ,  N e w  Y o r k  ( 1 9 6 0 ) .
t h e  A r r h e r c - j - as e x p o n e n t  1, -a s t o  be- u s e d .
H o w e v e r , F — c r ’  t h o s e  I c c - c - u -  t i n e s  c-s q u a s i -  8 /  h e r m u a n c e , C . I I . , S h i r s n a r , N . ,  We n o : - r a i  , -ct
s i r — i l - c r a c ’] - , t i o r s  - x L :  c. b c C c  c - I , - d i s t , c n u’nc a r i d  Succ u r u e r f i e l d , II , “ S o l f d  Pr  
t o  t h e  s u n - f a c e  i s - c  .c c a l e - i  1’ -,’ 2 , ,  

* 
so t h a n  I g n i t i o n  S t u d i - s :  I gr s i t i o r :  of  t i e  h e —

~ x n a l i c i t  e x p r c s s i c ’n o  I - f e  b~ ,c c-i-  -: i r c e d  a c t i o n  F i e l d  !-. -- J j a - : s c n - t  t o  t i e ,  F c c - f a c e  of
f a r  t h e  t -  c c -  ‘. r a t u r c  s c , d  c- cc- c ’  e’ n t r ’ , t i c c - c  p r o —  a S o li d  i’ c - - e p e i l a r t ” , A - ’ n - o n a u t i c a l  i : n s n - i-
f i l e s  i n  t u - r - c - ,’ , of  t h e  s i c - i  l a n  t y  v a n ’  i , s lc - 3 e n e e r i r s g icc j c u r t  N o ( -7 ’. 

* 
D e p c u  c - c - c - c - c e n t  o f

6 a n d  a f u , , c t i o n  u of t i c - c e  g i - .- e n s  b y E q .  A e r o s p a ce  a~~d M- ’ - c h u a n i c - s I S c i - ’c:, ” s - ’ c
(59). - Prin ceton U n i v e r s i t y ,  D e c e r-ut ce r (16r ,3).

We consider’ in a n  i r - : ’e n dix  t b ’  c a s e  --- 9 /  K e l l e r - , J . A .  B c - e m - , A . b .  a n d  Rvs :sc , N. ’- .w h e n  t h e  p - u s : :  s e c t i o n  : ‘ asnu :-a ”_ to obey - -
- - . . I g n i t i o n s  o f  A n c c u c n n - c - : -, ,m i’ e n - c h l e r , s t e  C o m —a n e q u s~~:l -r -:c s su C l asc -us - C lase yu ’on condition ,

. . -
- . - po site l’ s’-opel l a r t s  L C o n v e c t i v e  I u , c : t -
ins tea-_ of the regr - ss u o r -  rate law of Eq. . - -i n g ’ A h I ,~, J .  4 1 3 5 g — l i ’n - a (1955).( 9 ) .  T o e  t c u r ’ , p e - r c - s t o r ’ -c c ,n d  m a c m s f r a c t i o n  —

cu r ofil es ai-c d e s - c c - n b c - cl i ns terms of a s i r s —-. . . . - 10/ S h a n n o n , I . J .  C o n c j - c r c i ’ e S o] :d  P r o p e l -I~.drsty so lon . i on v i i  i - ,I f o r  a l l  t i c - - u s , . . ‘ .- . . ‘ . . - — l a n s t  I g n a t c o n  M e c s s a n u c c m s  A F C S Ri s nv o l ’ s i r , ’ t i c -  s~~r . i l a r it y  v a r i a o le  mu C ~ /2 *’ m .  . . .
-

- S c i e n t i f i c  g e -p o r t  6 6 - I l l ’ s  J u n e  ( , 9 6 8 ) .TIse s - a r x a c e  t e c - c p -n - r a t - : ’ - c ’  do e s  r i o t  c h a n g e
v i t l n  t i , .,e  a f t e n -  j u m p i n g  a t  -r = 0 t o  a v a t —  , . -11/ C h a s i g ,  L.h . a n d  i - c b s u l t z — G r c s r u o - re , F . ,uc d e t e n - r c - : n c c d  l -y  g a a i c -  ~c a c -  i o n  e f f e c t s .  Tine  . , ‘ - -

- i— Tb , - c - n - e t : c a i  a n d  L x g c s - u n n u e n t a l  S t u d y  o rr e g r e s si on  c - a t e  is t o u : , d t o  v a r y  as  1 / v - n  - - . -t i c  G a s - P l a n e  I g n i t n o n  of  an  E v a p o r ’ a t : : g
Fuel ir a S t a g n a n t  h o t  G x i d i z i n g  Gas ,
A I A A  ,Y . S 1 0 7 — l 1 ~4 (1970).A c k n o w l e ~~~ s i -n  t —

1 2 /  K a s h i w c u g i T.  W a l d n c - c-ssi C . H .  h o c - t u r n - c -Thu i s -  w o r k  h a s  b c - e n s  ~ a c t  i a ii y s p o n s o r - e d  . -
- . ‘ . R . B .  an-I f c n c-c r’ -n- r - f i e l . d N .  l g n i n i u c n  eby t h e  A i r  Fon ’ce  O f f i c e  o n  S ci en t  , f a c  R e —  - ‘ 

, 
‘- - - P o l y n c e r s  in  a hot Ox: dizing Gis 

* 
C o n , .s- ea r -sb , t t s r o u g c c  t h e  L u r o - ~-n- .a nc O f f i c e  o r  . , -

- S ci .  a n d  T e c h .  8 , 1 2 i — 3 3 c  ( 1 2 7 J ) .A e r o s p c s c e  r e s e a r ch ,  u n d e r  Con  c r - a c t  N o .  73 —

2 5 3 5 .  
13/ H e r r , a n c e , C . E .  , : ;h in n c ,r , R .  a n d  S u o -

s n r e r f i e l d , I . ,  “ I g n i n i o s i  of an Ev:spo-
r a t i n g  t i -e l  i n  a Il ca t Stagnant Gas Coma-R e f c ,’r- ,’n c e s  . . ‘ . .t a l n i c - s u -, en  O x i d i z e r  

* 
A I S A  J .  3 , l a P 4 -  *

1 5 9 2  ( 1 9 1 - 5 ) .  
‘1/ L i n a n , -. .  a n d  ~‘ i 1 c - i , a , u , s , F . A .  T h e o r y  of

I g n i t  i c - c s  of  a R e a c t i v e  S o l i d  icy C c - n —
14/ Hcrrnn~~n c e , C .F- Sh sa n r:ar - R. and Summer-sta rut Energy Flux 

* 
Comb . S d .  and Tech. . -

3 91— 98 (1971). field , N ., ~gn c - tnon of an F.vaporatii--
— ‘ Fuel in a Ho t O x i d i z i n g  Gas , Inc ln u d ’ncp

t h e  E f f e c t  of H e a t  l’e a d h a c k ”  A s t r - o s s a u -2 / t ,n rs a mc , t. and t r e s p o , A., fun  A s y m p t o t i c  . - ‘- . . tica Acta 12 95— 1 12 (196o).A nalys is of Ra’iic - u:,c- ac - ct Hypergolic Net— —-

erogeneous Igni tion c-f S o l i d  P r op e l l a n t s ’~ -
Comb . Scj . and T e ch .  4, 223-232 (1972) . 15/ H e r u n n a n c e - , C.E. and Kns n,ran ’ , R .K. * Ga~

— Phase Ig n n it ion Theory ,cr’ Homogeneous
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